Abstract. The Kariba Dam on the Zambezi River is in dire need of maintenance. This paper is intended to study the strategy of removing and replacing the Kariba Dam.The elevation map of the watershed of Zambezi River is made and rasterized by using Kriging Interpolation. Combining the precipitation and geological condition of the basin, this paper identifies 21 points as candidate points and ranks them with the method of principal component analysis. Then the lowest cost is regarded as the objective function, simultaneously capabilities of water resource utilization and levels of protection for Lake Kariba regarded as the restriction. Eventually, this paper determines the specific number, 18, of dams through the genetic algorithm.
Introduction
The Kariba Dam, completed in the year of 1963 and built to generate hydropower basically, is one of the larger dams in Africa. Recently, a 2015 report by the Institute of Risk Management of South Africa warned that the dam is in dire need of maintenance. This paper provides a solution for one of the options of interest to ZRA, removing the Kariba Dam and replacing it with a series of smaller dams along the Zambezi River.
Locations of new dams
First of all, the elevation map of the Zambezi River is made and rasterized by using Kriging Interpolation with the purpose of dividing the watershed into small regions as shown in Figure 1 ; each region is likely to be the site of the dam. Since the primary objective of the Kariba Dam is power generation and flood control, while replacing the Kariba Dam, the hydroelectric energy should be considered primarily. By consulting the literature [1], after analyzing the elevation map and combining the precipitation of the basin, we identified nearly 30 sites with large drop and rich hydroelectric energy. Taking into account another indispensable condition -geological condition in the dam construction, we finally identify 21 points as candidate points.
Figure 1 Elevation map
Because each candidate's location and situation are different, we take method of principal component analysis to evaluate and rank these 21 points. The top-ranking represents that it is more conducive to the construction of the dam, that is, it should be given priority. The main factors involved in the assessment and the assessment method are shown in Table 1 . The results of principal component analysis are shown in Table 2 . After analysis, we get the sort order on the candidate points, as shown in Table 3 . Note that the red numbers in the table indicate the parameters of the Shire River. The positive sign of the evaluation value indicates that the benefit is greater than the cost.
Number of new dams
Because the dam is a project with large scale and large investment, the greater the number of dams is, the greater the ability to modulate water is, the lower the cost of hydropower generation is [2] . However, the corresponding costs of overall construction and operation management will increase instead. So there must be an optimal number of dams that can make the total cost of the dam-system minimized. In view of the economic situation in Africa, we propose to use the lowest cost as the objective function, to use the subject of 'the same overall water management capabilities as the existing Kariba Dam while providing the same or greater levels of protection and water management options for Lake Kariba' as the restriction. Eventually, we are able to determine the specific number of dams.
Model Building
( ) • Determination of B i and C i : Bi and C i are the comprehensive evaluation indexes of three major aspects (27 small aspects). It is emphasized that B i and C i represent very comprehensive costs and benefits, so it is reasonable to assume that the difference between B and C is sufficient to represent the water management capacity of Lake Kariba.
• Determination of n: It is known that for small and medium-sized dams, n is usually 10 years.
• Determination of N i : The amount of electricity generated is an amount related to the width and height of the dam, according to the literature [3].
Estimation formula is 9.81
.55 . The model above is a constrained nonlinear programming model. The objective function is a convex function and the feasible region is a nonconvex set. Therefore, it is difficult to achieve the optimal solution by using the general constrained nonlinear programming model (taking SUMT method for example). However, when fmincon () function in Matlab optimization toolbox is used to solve the constrained nonlinear programming model, it may lead to no optimal solution when the value of R-r is small. In order to solve the above constraint nonlinear programming model, the genetic algorithm is adopted. The specific algorithm parameters are shown as follows: Table 4 The specific algorithm parameters of genetic algorithm 
Conclusions
The result indicates that the optimal number of dams is 18, in which case the cost is the lowest. Therefore, the first 18 locations above (shown in 
